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(54) Semiconductor memory device using magneto resistive effect element 



(57) A memory cell section includes a first wiring 
(27) which is extended in a first direction, and a second 
wiring (26) which is extended in a second direction dif- 
ferent from the first direction, and a third wiring (19a) 
which is disposed between the first and second wirings 
(27, 26), and a first magneto resistive effect element 
(25a) which is disposed at an intersection of the first and 
second wirings (27, 26) between the first and second 
wirings (27, 26), and is connected to the second and 
third wirings (26, 19a). Further, a peripheral circuit sec- 
tion includes a fourth wiring (19b), and a fifth wiring (20b) 
which is disposed above the fourth wiring (19b), and a 
second magneto resistive effect element (25b) which is 
disposed between the fourth and fifth wirings (19b, 20b) 
and is connected to the fourth and fifth wirings ( 1 9b, 20b) 
to be used as a resistive element (30). 
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Description 

[0001] The present invention relates to a semiconduc- 
tor memory device, and in particular, to a magnetic ran- 
dom access memory (MRAM) which uses a tunneling 
magneto resistive (TMR) element as a memory ele- 
ment. 

[0002] In recent years, MRAM (Magnetic Random Ac- 
cess Memory) memory cells, which use a tunneling 
magneto resistive (hereinafter abbreviated as TMR) ef- 
fect, have been proposed as information memory ele- 
ments. 

[0003] FIG. 33 shows an equivalent circuit diagram of 
a semiconductor memory device in accordance with the 
prior art. FIG. 34 shows a schematic cross-sectional 
view of a TMR element. 

[0004] As shown in FIG. 33, a bit line 26 and word 
lines 27 and 28 are disposed so as to be perpendicular 
to each other, and a TMR element 25 is disposed at the 
intersection of, among these, the bit line 26 and the write 
word line 27. One end portion of the TMR element 25 is 
connected to the bit line 26, and the another end portion 
is connected to a transistor 14. Further, a gate electrode 
of the transistor 14 is the read word line 28. 
[0005] This TMR element 25 is a three-layer structure 
which is structured from two magnetic layers and a non- 
magnetic layer which is sandwiched by the magnetic 
layers. Namely, as shown in FIG. 34, the TMR element 
25 is structured by a magnetization fixing layer 41 which 
is connected to a lower portion electrode 17, a magnetic 
recording layer 43 which is connected to the bit line 26 
via an upper electrode (not shown), and a thin tunnel 
junction layer 42 which is sandwiched by the magneti- 
zation fixing layer 41 and the magnetic recording layer 
43. 

[0006] Here, the magnetization fixing Iayer41 is struc- 
tured by an anti-ferromagnetic layer and a ferromagnet- 
ic layer, and is called a pin layer because the magneti- 
zation is fixed in one direction. On the other hand, the 
magnetic recording layer 43 is structured by a ferromag- 
netic layer, and is called a memory layer because the 
direction of magnetization can be freely changed and 
information is stored. The direction of magnetization of 
the magnetic recording layer 43 can be changed by a 
synthetic magnetic field formed by an electric current 
which flows in the bit line 26 and an electric current 
which flows in the write word line 27. 
[0007] FIG. 35 and FIG. 36 show cross-sectional 
views of a semiconductor memory device in accordance 
with the prior art. The laminated-structure semiconduc- 
tor memory device shown in FIG. 35 and FIG. 36 com- 
prises a memory cell section and a peripheral circuit 
section disposed at the periphery of the memory cell 
section. 

[0008] At the memory cell section, an element isola- 
tion region 12 having an STl (Shallow Trench Isolation) 
structure, and, for example, an N-type diffusion layer 
13a are selectively formed, for example, in a P-type 



semiconductor substrate (or well) 11. A MOSFET 14 is 
selectively formed on the semiconductor substrate 11. 
First to fifth wirings 16a, 17a, 18a, 19a and 20a are 
formed in an insulating film 15 on the semiconductor 

5 substrate 11 . Further, the diffusion layer 13a and the first 
wiring 16a are connected at a first contact 21a, the first 
wiring 16a and the second wiring 17a are connected at 
a second contact 22a, the second wiring 17a and the 
third wiring 18a are connected at a third contact 23a, 

10 and the third wiring 18a and the fourth wiring 19a are 
connected at a fourth contact 24a. Further, the fourth 
wiring 19a and the fifth wiring 20a are connected at the 
TMR element 25. The TMR element 25 is structured by 
the magnetization fixing layer (magnetic layer) 41, the 

15 tunnel junction layer (non-magnetic layer) 42, and the 
magnetic recording layer (magnetic layer) 43. 
[0009] Further, the fifth wiring 20a connected to the 
TMR element 25 is the bit line 26. The third wiring 18a 
which is not connected to the fourth wiring 19a is the 

20 write word line 27, and the write word line 27 is disposed 
so as to be orthogonal to the bit line 26. The TMR ele- 
ment 25 disposed at the intersection of the bit line 26 
and the write word line 27 is used as a memory element. 
The MOSFET 14 electrically connected to the TMR el- 

25 ement 25 functions as a switching element, and the gate 
electrode of the MOSFET 14 is the write word line 28. 
The first wiring 1 6a which is not connected to the second 
wiring 17a is a Gnd (ground) line 29. 
[0010] Operations of writing/reading information in 

30 such a memory cell will be simply described. 

[001 1] First, when data "1", "0" are written in the TMR 
element 25, a pair of the write word line 27 and the bit 
line 26 are selected, and electric current is made to flow 
to both of the write word line 27 and the bit line 26 which 

35 are selected, and current magnetic fields are respective- 
ly generated. In accordance with this, only the magnetic 
field which is applied to the selected cell positioned at 
the cross point portion of the write word line 27 and the 
bit line 26 exceeds an inversion threshold value of mag- 

40 netization of the TMR element 25, and information is 
written. 

[0012] At this time, for example, when the directions 
of magnetization of the magnetization fixing Iayer41 and 
the magnetic recording layer 43 are parallel, the tunnel 

45 resistance detected by making electric current flow to 
the tunnel junction layer 42 is the lowest, and in this 
state, for example, "1" can be stored. On the other hand, 
when the directions of magnetization of the magnetiza- 
tion fixing layer 41 and the magnetic recording layer 43 

50 are anti-parallel, the tunnel resistance detected by mak- 
ing electric current flow to the tunnel junction layer 42 is 
the highest, and in this state, for example, "0" can be 
stored. Namely, in an MRAM, the difference of the tunnel 
resistances is stored as data "1", M 0". 

55 [001 3] On the other hand, when the data "1 M , "0" which 
are written in the TMR element 25 are read out, when 
the read word line 28 and the bit line 26 are selected, 
electric current flows to the Gnd line 1 9 through the TMR 
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element 25 and the MOSFET 14 from the bit line 26, 
and a determination of the data "1", "0" is carried out by 
the peripheral circuit reading out, as information, the dif- 
ference of the tunnel resistances between the different 
TMR elements 25. 

[0014] In the conventional semiconductor memory 
device having a memory cell section as described 
above, the peripheral circuit section is provided at the 
periphery of the memory cell section in order to control 
the memory cell. The peripheral circuit section will be 
described hereinafter. 

[001 5] FIG. 35 is an example in which a resistive ele- 
ment is provided at the peripheral circuit section. As 
shown in FIG. 35, a diffusion layer 32b is connected to 
wirings 16b via contacts 21b. Here, the diffusion layer 
32b in the peripheral circuit section functions as a resis- 
tive element 30. The resistance value of the resistive 
element 30 is improved by enlarging the surface area of 
the diffusion layer 32b. However, in this case, the chip 
area becomes large due to the enlargement of the sur- 
face area of the diffusion layer 32b. Therefore, it is dif- 
ficult to aim for miniaturization of the chips. 
[0016] FIG. 36 is an example in which a fuse element 
is provided at the peripheral circuit section. As shown in 
FIG. 36, a diffusion layer 13b is connected to the first 
wiring 16b via the first contact 21b, and the first wirings 
16b are connected to a second wiring 17b via second 
contacts 22b. The second wiring 17b is connected to a 
latch circuit (not shown). These wirings and contacts of 
the peripheral circuit section function as a fuse element 
50. In this way, the conventional fuse element 50 is 
formed in a pattern different from that of the memory cell 
section. In such a conventional art, accompanying the 
miniaturization of elements, it has been desired to re- 
duce the area occupied by the fuse element 50 with re- 
spect to the chip area. 

[0017] A semiconductor memory device according to 
one aspect of the present invention comprises a mem- 
ory cell section and a peripheral circuit section disposed 
at a periphery of the memory cell section, the memory 
cell section comprising a first wiring which is extended 
in a first direction, a second wiring which is disposed 
above the first wiring and is extended in a second direc- 
tion different from the first direction, a third wiring which 
is disposed between the first and second wirings, and a 
first magneto resistive effect element which is disposed 
at an intersection of the first and second wirings be- 
tween the first and second wirings, and is connected to 
the second and third wirings, and the peripheral circuit 
section comprising a fourth wiring, a fifth wiring which is 
disposed above the fourth wiring, and a second magne- 
to resistive effect element which is disposed between 
the fourth and fifth wirings and is connected to the fourth 
and fifth wirings to be used as any of a resistive element, 
a fuse element, and a contact. 

[0018] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 



scribed features. 

[0019] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

5 

FIG. 1 is a cross-sectional view showing a semicon- 
ductor memory device according to a first embodi- 
ment of the present invention. 
FIG. 2 is a cross-sectional view showing the semi- 
10 conductor memory device according to the first em- 
bodiment of the present invention, in a case where 
TMR elements are connected in series. 
FIG. 3 is a cross-sectional view showing the semi- 
conductor memory device according to the first em- 
15 bodiment of the present invention, in a case where 
the TMR elements are connected in parallel. 
FIGS. 4A and 4B are cross-sectional views showing 
a TMR element having a single tunnel junction 
structure according to the respective embodiments 
20 of the present invention. 

FIGS. 5A and 5B are cross-sectional views showing 
a TMR element having a double tunnel junction 
structure according to the respective embodiments 
of the present invention. 
25 FIG. 6 is a plan view showing a semiconductor 
memory device in accordance with a prior art. 
FIG. 7 is a plan view showing the semiconductor 
memory device according to the first embodiment 
of the present invention. 
30 FIG. 8 is a cross-sectional view showing a semicon- 
ductor memory device according to a second em- 
bodiment of the present invention. 
FIG. 9 is a plan view showing a semiconductor 
memory device in accordance with the prior art. 
35 FIG. 10 is a cross-sectional view showing the sem- 
iconductor memory device according to the second 
embodiment of the present invention. 
FIG. 11 is a cross-sectional view showing a semi- 
conductor memory device according to a third em- 
-*o bodiment of the present invention. 

FIG. 12 is a cross-sectional view showing a semi- 
conductor memory device according to a fourth em- 
bodiment of the present invention, and in which a 
memory cell section of the first embodiment is mod- 
45 ified. 

FIG. 13 is a cross-sectional view showing the sem- 
iconductor memory device according to the fourth 
embodiment of the present invention, and in which 
a memory cell section of the second embodiment is 
50 modified. 

FIG. 14 is a cross-sectional view showing the sem- 
iconductor memory device according to the fourth 
embodiment of the present invention, and in which 
a memory cell section of the third embodiment is 
55 modified. 

FIG. 15 is a cross-sectional view showing a semi- 
conductor memory device according to a fifth em- 
bodiment of the present invention, and in which the 
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memory cell section of the first embodiment is mod- 
ified. 

FIG. 16 is a cross-sectional view showing the sem- 
iconductor memory device according to the fifth em- 
bodiment of the present invention, and in which the 5 
memory cell section of the second embodiment is 
modified. 

FIG. 17 is a cross-sectional view showing the sem- 
iconductor memory device according to the fifth em- 
bodiment of the present invention, and in which the to 
memory cell section of the third embodiment is 
modified. 

FIG. 18 is a cross-sectional view showing a semi- 
conductor memory device according to a sixth em- 
bodiment of the present invention, and in which the *5 
memory cell section of the first embodiment is mod- 
ified. 

FIG. 19 is a cross-sectional view showing the sem- 
iconductor memory device according to the sixth 
embodiment of the present invention, and in which 20 
the memory cell section of the second embodiment 
is modified. 

FIG. 20 is a cross-sectional view showing the sem- 
iconductor memory device according to the sixth 
embodiment of the present invention, and in which 25 
the memory cell section of the third embodiment is 
modified. 

FIG. 21 is a cross-sectional view showing a semi- 
conductor memory device according to a seventh 
embodiment of the present invention, and in which 30 
the memory cell section of the first embodiment is 
modified. 

FIG. 22 is a cross-sectional view showing the sem- 
iconductor memory device according to the seventh 
embodiment of the present invention, and in which 35 
the memory cell section of the second embodiment 
is modified. 

FIG. 23 is a cross-sectional view showing the sem- 
iconductor memory device according to the seventh 
embodiment of the present invention, and in which 40 
the memory cell section of the third embodiment is 
modified. 

FIG. 24 is a cross-sectional view showing a semi- 
conductor memory device according to an eighth 
embodiment of the present invention, and in which 45 
the memory cell section of the first embodiment is 
modified. 

FIG. 25 is a cross-sectional view showing the sem- 
iconductor memory device according to the eighth 
embodiment of the present invention, and in which so 
the memory cell section of the second embodiment 
is modified. 

FIG. 26 is a cross-sectional view showing the sem- 
iconductor memory device according to the eighth 
embodiment of the present invention, and in which 55 
the memory cell section of the third embodiment is 
modified. 

FIG. 27 is a cross-sectional view showing a semi- 



conductor memory device according to a ninth em- 
bodiment of the present invention, and in which the 
memory cell section of the first embodiment is mod- 
ified. 

FIG. 28 is a cross-sectional view showing the sem- 
iconductor memory device according to the ninth 
embodiment of the present invention, and in which 
the memory cell section of the second embodiment 
is modified. 

FIG. 29 is a cross-sectional view showing the sem- 
iconductor memory device according to the ninth 
embodiment of the present invention, and in which 
the memory cell section of the third embodiment is 
modified. 

FIG. 30 is a cross-sectional view showing a semi- 
conductor memory device according to a modified 
example of the ninth embodiment of the present in- 
vention, and in which the memory cell section of the 
first embodiment is modified. 
FIG. 31 is a cross-sectional view showing a semi- 
conductor memory device according to a modified 
example of the ninth embodiment of the present in- 
vention, and in which the memory cell section of the 
second embodiment is modified. 
FIG. 32 is a cross-sectional view showing a semi- 
conductor memory device according to a modified 
example of the ninth embodiment of the present in- 
vention, and in which the memory cell section of the 
third embodiment is modified. 
FIG. 33 is a circuit diagram showing a semiconduc- 
tor memory device in accordance with the prior art. 
FIG. 34 is a schematic cross-sectional view show- 
ing a semiconductor memory device in accordance 
with the prior art. 

FIG. 35 is a cross-sectional view showing a semi- 
conductor memory device having a resistive ele- 
ment in accordance with the prior art. 
FIG. 36 is a cross-sectional view showing a semi- 
conductor memory device having a fuse element in 
accordance with the prior art. 

[0020] The present invention relates to a magnetic 
random access memory (MRAM) which uses, for exam- 
ple, a tunneling magneto resistive (TMR) effect element 
as a memory element. In the MRAM, a memory cell ar- 
ray, in which a plurality of memory cells having TMR el- 
ements are disposed in a matrix form, is formed. Periph- 
eral circuits, such as decoders, sense circuits and the 
like, are provided at the periphery of the memory cell 
array. Operations of writing/reading information are 
made possible by randomly accessing arbitrary cells. 
[0021] Hereinafter, embodiments of the present in- 
vention will be described with reference to the figures. 
In this description, throughout all of the figures, common 
parts are denoted by common reference numerals. 
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[First Embodiment] 

[0022] In the first embodiment, TMR elements are 
used as memory elements in a memory cell section, and 
TMR elements are used as resistive elements in a pe- 
ripheral circuit section. 

[0023] FIG. 1 shows a cross-sectional view of a sem- 
iconductor memory device according to the first embod- 
iment of the present invention. FIG. 2 shows a partial 
cross-sectional view of the semiconductor memory de- 
vice in a case where the TMR elements are connected 
in series in the peripheral circuit section. FIG. 3 shows 
a partial cross-sectional view of the semiconductor 
memory device in a case where the TMR elements are 
connected in parallel in the peripheral circuit section. 
[0024] As shown in FIG. 1 , for example, an element 
isolation region 12 having an STI (Shallow Trench Iso- 
lation) structure, and, for example, N-type diffusion lay- 
ers 13a, 13b are selectively formed in a P-type semi- 
conductor substrate (or well) 11. MOSFETs 14 are se- 
lectively formed on the semiconductor substrate 11. 
First to fifth wirings 16a, 16b, 17a, 17b, 18a, 18b, 19a, 
19b, 20a, and 20b are formed in an insulating film 1 5 on 
the semiconductor substrate 11. Further, the diffusion 
layers 13a, 13b and the first wirings 16a, 16b are con- 
nected at first contacts 21a, 21b, the first wirings 16a, 
16b and the second wirings 17a, 17b are connected at 
second contacts 22a, 22b, the second wirings 17a, 17b 
and the third wirings 18a, 18b are connected at third 
contacts 23a, 23b, and the third wirings 18a. 18b and 
the fourth wirings 19a, 19b are connected at fourth con- 
tacts 24a, 24b. Further, the fourth wirings 19a, 19b and 
the fifth wirings 20a, 20b are connected at TMR ele- 
ments 25a, 25b. The TMR elements 25a, 25b each are 
structured from a magnetization fixing layer (magnetic 
layer) 41, a tunnel junction layer (non-magnetic layer) 
42, and a magnetic recording layer (magnetic layer) 43. 
[0025] A semiconductor memory device having such 
a laminated structure comprises a memory cell section 
and a peripheral circuit section which controls the mem- 
ory cell section. 

[0026] In the memory cell section, the TMR element 
25a is used as a memory element 31 which stores data 
"1 n or "0". The fifth wiring 20a connected to the TMR 
element 25a is a bit line 26. Further, the third wiring 1 8a 
which is not connected to the fourth wiring 1 9a is a write 
word line 27, and the write word line 27 is disposed, for 
example, so as to be orthogonal to the bit line 26. The 
MOSFET 14 which is electrically connected to the TMR 
element 25a functions as a switching element for read- 
ing data, and a gate electrode of the MOSFET 14 is a 
read word line 28. The first wiring 16a which is not con- 
nected to the second wiring 17a is a Gnd (ground) line 
29. 

[0027] In the peripheral circuit section, the TMR ele- 
ment 25b which connects the fourth wiring 19b and the 
fifth wiring 20b is used as a resistive element 30. The 
resistance of the resistive element 30 can be adjusted 



by the following method for example. 
[0028] As shown in FIG. 2 and FIG. 3, when a value 
of resistance of the resistive element 30 is to be varied, 
it suffices to change the arrangement of the TMR ele- 

5 ments 25b. Namely, when the TMR elements 25b are 
connected in series (FIG. 2), by changing the number 
of the TMR elements 25b, the resistive element 30 can 
obtain an arbitrary high value of resistance. Further, 
when the TMR elements 25b are connected in parallel 

10 (FIG. 3), dispersion in the values of resistance due to 
dispersion in the machined dimensions thereof can be 
averaged, and highly precise resistive elements 30 can 
be realized. 

[0029] Further, the resistance of the resistive element 

15 30 can be adjusted by a film thickness of the tunnel junc- 
tion layer 42 which forms a part of the TMR element 25b. 
[0030] Further, the resistance of the resistive element 
30 can be adjusted by making the directions of the mag- 
netization of the magnetic layers 41 , 43 of the TMR el- 

20 ement 25b parallel or anti-parallel. Here, "parallel" 
means a state in which the directions of magnetization 
of the magnetic layers 41, 43 are oriented in the same 
direction, and "anti-parallel" means a state in which the 
directions of magnetization of the magnetic layers 41, 

25 43 are oriented in opposite directions. 

[0031] In this way, the TMR elements 25a. 25b which 
are used as the memory element 31 or the resistive el- 
ement 30 have a single tunnel junction structure or a 
double tunnel junction structure which are shown here- 

30 inafter, and may have either structure. 

[0032] FIG. 4A and FIG. 4B show cross-sectional 
views of a TMR element having a single tunnel junction 
structure. Hereinafter, the structures of the TMR ele- 
ments 25a, 25b having a single tunnel junction structure 

35 will be described. 

[0033] The TMR elements 25a, 25b shown in FIG. 4A 
are each formed from the magnetization fixing layer 41 
in which a template layer 101, an initial ferromagnetic 
layer 102, an antiferromagnetic layer 103, and a refer- 

40 ence ferromagnetic layer 104 are layered in order; the 
tunnel junction layer 42 which is formed on the magnet- 
ization fixing layer 41; and the magnetic recording layer 
43 in which a free ferromagnetic layer 105 and a contact 
layer 1 06 are layered in order on the tunnel junction lay- 

45 er42. 

[0034] In the same way, the TMR elements 25a, 25b 
shown in FIG. 4B are each formed from the magnetiza- 
tion fixing layer 41 in which the template layer 101, the 
initial ferromagnetic layer 102, the antiferromagnetic 

50 layer 103, a ferromagnetic layer 104\ a non-magnetic 
layer 107, and a ferromagnetic layer 104" are layered in 
order; the tunnel junction layer 42 which is formed on 
the magnetization fixing layer 41; and the magnetic re- 
cording layer 43 in which a ferromagnetic layer 105\ the 

55 non-magnetic layer 107, a ferromagnetic layer 1 05", and 
the contact layer 106 are layered in order on the tunnel 
junction layer 42. 

[0035] Note that, at the TMR elements 25a, 25b 
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shown in FIG. 4B, by introducing the three-layer struc- 
ture formed from the ferromagnetic layer 104', the non- 
magnetic layer 107, and the ferromagnetic layer 104" in 
the magnetization fixing layer 41, and the three-layer 
structure formed from the ferromagnetic layer 1 05', the 5 
non-magnetic layer 107, and the ferromagnetic layer 
105" in the magnetic recording layer 43, generation of 
a magnetic pole at the ferromagnetic interior is sup- 
pressed and a cell structure which is suitable for minia- 
turizing can be provided more than at the TMR elements 10 
25a, 25b shown in FIG. 4A. 

[0036] FIG. 5A and FIG. 5B show cross-sectional 
views of TMR elements having a double tunnel junction 
structure. Hereinafter, the structures of the TMR ele- 
ments 25a, 25b having a double tunnel junction struc- 15 
ture will be described. 

[0037] The TMR elements 25a, 25b shown in FIG. 5A 
are formed from a first magnetization fixing layer 41a in 
which the template layer 101, the initial ferromagnetic 
layer 102, the antiferromagnetic layer 103, and the ref- 20 
erence ferromagnetic layer 104 are layered in order; a 
first tunnel junction layer 42a formed on the first mag- 
netization fixing layer 41a; the magnetic recording layer 
43 formed on the first tunnel junction layer 42a; a second 
tunnel junction layer 42b formed on the magnetic re- 25 
cording layer 43; and a second magnetization fixing lay- 
er 41b in which the reference ferromagnetic layer 104, 
the antiferromagnetic layer 103, the initial ferromagnetic 
layer 102, and the contact layer 106 are layered in order 
on the second tunnel junction layer 42b. 30 
[0038] The TMR elements 25a, 25b shown in FIG. 5B 
are formed from the first magnetization fixing layer 41a 
in which the template layer 101 , the initial ferromagnetic 
layer 102, the antiferromagnetic layer 103, and the ref- 
erence ferromagnetic layer 104 are layered in order; the 35 
first tunnel junction layer 42a formed on the first mag- 
netization fixing layer 41 a; the magnetic recording layer 
43 in which a ferromagnetic layer 43', the non-magnetic 
layer 107, and a ferromagnetic layer 43" are layered in 
order in a three-layer structure on the first tunnel junc- 40 
tion layer 42a; the second tunnel junction layer 42b 
formed on the magnetic recording layer 43; and the sec- 
ond magnetization fixing layer 41b in which the ferro- 
magnetic layer 104\ the non-magnetic layer 107, the 
ferromagnetic layer 104", the antiferromagnetic layer 45 
103, the initial ferromagnetic layer 102, and the contact 
layer 106 are layered in order on the second tunnel junc- 
tion layer 42b. 

[0039] Note that, at the TMR elements 25a, 25b 
shown in FIG. 5B, by introducing the three-layer struc- so 
ture which is formed from the ferromagnetic layer 43' 
the non-magnetic layer 107, and the ferromagnetic layer 
43" and which forms the magnetic recording layer 43, 
and the three-layer structure formed from the ferromag- 
netic layer 104', the non-magnetic layer 107, and the 55 
ferromagnetic layer 104" in the second magnetization 
fixing layer 41b, generation of a magnetic pole at the 
ferromagnetic interior is suppressed and a cell structure 



which is suitable for miniaturizing can be provided more 
than at the TMR elements 25a, 25b shown in FIG. 5A. 
[0040] By using the TMR elements 25a, 25b having 
such a double tunnel junction structure, as compared 
with the case where the TMR elements 25a, 25b having 
a single tunnel junction structure are used, deterioration 
of the MR (Magneto Resistive) ratio (the rate of change 
of the resistances of the "1" state, "0" state) at the time 
of applying the same external bias is small, and it is pos- 
sible to operate at a higher bias. Namely, it is advanta- 
geous at the time of reading information in the cells out 
to an external portion. 

[0041] The TMR elements 25a, 25b having such a sin- 
gle tunnel junction structure or a double tunnel junction * 
structure are formed by using the following materials. 
[0042] For example, Fe, Co, Ni and alloys thereof, 
magnetite whose spin polarization ratio is large, oxides 
such as CrO z , RXMnO^y (R: rare earth; X: Ca, Ba, Sr), 
as well as Heusler's alloys such as NiMnSb, PtMnSb, 
and the like, are preferably used as the materials of the 
magnetization fixing layers 41, 41a, 41b and the mag- 
netic recording layer 43. Further, non-magnetic ele- 
ments such as Ag, Cu, Au, Al, Mg, Si, Bi, Ta, B, C, O, 
N, Pd, Pt, Zr, Ir, W, Mo, Nb, and the like may be slightly 
contained in these magnetic materials provided that the 
ferromagnetism does not deteriorate. 
[0043] Fe-Mn, Pt-Mn, Pt-Cr-Mn, Ni-Mn, Ir-Mn, NiO, 
Fe 2 0 3 , and the like are preferably used as the material 
of the antiferromagnetic layer 1 03 which forms a part of % 
the magnetization fixing layers 41, 41a and 41b. 
[0044] Various dielectrics, such as Al 2 0 3f Si0 2 , MgO, 
AIN, Bi 2 0 3 , MgF 2 , CaF 2 , SrT10 2 , AILa0 3 , or the like, can 
be used as the materials of the tunnel junction layers 
42, 42a and 42b. Oxygen, nitrogen, and fluorine defi- 
ciencies may exist in these dielectrics. 
[0045] As described above, at the memory cell sec- 
tion, writing and reading of data in a case where the TM R 
element 25a is used as the memory element 31 are car- 
ried out as follows. 

[0046] When data is written into the TMR element 
25a, the bit line 1 6 and the write word line 27 are select- 
ed, and electric currents are made to respectively flow 
to the bit line 1 6 and write word line 27, and current mag- 
netic fields are generated. A synthetic magnetic field of 
the current magnetic fields which are respectively gen- 
erated at the bit line 26 and the write word line 27 is 
thereby applied to the TMR element 25a, and data of 
"1" or "0" is written into the TMR element 25a. 
[0047] When the data written in the TMR element 25a 
is read, the MOSFET 14 connected to the TMR element 
25a is turned on, and electric current is made to flow 
from the TMR element 25a to the diffusion layer 13a of 
the MOSFET 14. The value of resistance of the TMR 
element 25a is thereby read, and determination of data 
of "1" of "0" is carried out. 

[0048] In accordance with the above-described first 
embodiment, the resistive element 30 of the peripheral 
circuit section is formed from the TMR element 25b dis- 
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posed between wirings. Namely, the resistive element 
30 of the peripheral circuit section is formed to have a 
similar structure as in the memory cell section. Accord- 
ingly, in comparison with the prior art in which the resis- 
tive elements are formed at the diffusion layer, the area 
occupied by the resistive elements 30 can be de- 
creased, and therefore, it is possible to reduce the chip 
area. 

[0049] Concretely, as shown in FIG. 6, in the prior art 
in which the resistive element is formed from a diffusion 
layer 32b, the sheet resistance of the diffusion layer 32b 
is 250 n/sheet. Therefore, when a resistive element 
having a value of resistance of 10 k£l is necessary, an 
area of 40 sheets is necessary. On the other hand, in 
the first embodiment, the value of resistance of the re- 
sistive element 30 does not change due to increases 
and decreases in the surface area of the TMR element 
25b, and, for example, is determined by the value of re- 
sistance of the tunnel junction layer 42 or the like. Ac- 
cordingly, as shown in FIG. 7, even when the resistive 
element 30 having a value of resistance of 10 kli is 
needed, if the value of resistance of the tunnel junction 
layer 42 is made to be 10 kft, it is possible to adjust the 
value of resistance without increasing the surface area 
of the TMR element 25b. 

[0050] Further, if a plurality of TMR elements 25b in 
the peripheral circuit section are connected in series, it 
is possible to realize a high-resistance resistive element 
30. On the other hand, if a plurality of TMR elements 
25b in the peripheral section are connected in parallel, 
dispersion in the values of resistance can be sup- 
pressed, and it is possible to realize a highly precise re- 
sistive element 30. 

[Second Embodiment] 

[0051] In a second embodiment, TMR elements are 
used as memory elements in the memory cell section, 
and TMR elements are used as fuse elements in the 
peripheral circuit section. 

[0052] FIG. 8 shows a cross-sectional view of a sem- 
iconductor memory device according to the second em- 
bodiment of the present invention. In the second em- 
bodiment, description of structures which are similar to 
those of the first embodiment is omitted, and only struc- 
tures different from those of the first embodiment will be 
described. 

[0053] In the same way as in the first embodiment, the 
multMayer structure semiconductor memory device ac- 
cording to the second embodiment is formed from a 
memory cell section and a peripheral circuit section 
which controls the memory cell section. 
[0054] In the peripheral circuit section, the TMR ele- 
ment 25b which connects the fourth wiring 19b and the 
fifth wiring 20b is used as a fuse element 50. In the meth- 
od of using the TMR element 25b as the fuse element 
50, the TMR element 25b is broken down by making 
heavy electric current of a predetermined value or more 



flowto the TMR element 25b. The resistance of the TMR 
element 25b thereby deteriorates, and electric current 
easily flows to the TMR element 25b. In this way, the 
fuse element 50 is used as an electric fuse in the redun- 

5 dancy circuit of the peripheral circuit section. 

[0055] In accordance with the above-described sec- 
ond embodiment, the fuse element 50 in the peripheral 
circuit section is formed from the TMR element 25b dis- 
posed between the wirings. Namely, the fuse element 

10 50 in the peripheral circuit section can be formed by a 
similar structure as in the memory cell section. Accord- 
ingly, in the second embodiment, as compared with the 
conventional art in which the fuse element 50 is formed 
by a structure different from that in the memory cell sec- 

15 tion, the area of the fuse element 50 can be decreased. 
Thus, the chip area can be reduced. 
[0056] Concretely, as shown in FIG. 9, the first wiring 
16b and the second wiring 17b are connected at a con- 
tact 22b, and the second wiring 17b is connected to the 

20 fuse latch circuit. Accordingly, a certain area of wiring 
has been necessary. In contrast, in the second embod- 
iment, as shown in FIG. 10, the fuse element 50 is dis- 
posed between the fourth wiring 19b and the fifth wiring 
20b, and the fifth wiring 20b can be connected to the 

25 control circuit. Accordingly, because the area of the wir- 
ing can be reduced more than in the conventional art, 
the chip area can be reduced. 

[Third Embodiment] 

30 

[0057] In a third embodiment, TMR elements are used 
as memory elements in the memory cell section, TMR 
elements are used as contacts in the peripheral circuit 
section, and a capacitor is formed. 

35 [0058] FIG . 1 1 shows a cross-sectional view of a sem- 
iconductor memory device according to the third em- 
bodiment of the present invention. In the third embodi- 
ment, a description of structures which are similar to 
those of the first embodiment is omitted, and only struc- 

40 tures different from those of the first embodiment will be 
described. 

[0059] In the same way as in the first embodiment, the 
multi-layer structure semiconductor memory device ac- 
cording to the third embodiment is formed from a mem- 

45 ory cell section and a peripheral circuit section which 
controls the memory cell section. 
[0060] In the memory cell section, because electric 
current at the time of generating a write magnetic field 
can be decreased by shortening a distance X between 

50 the fourth wiring 1 9a and the write word line 27, the mar- 
gin of operation can be improved. 
[0061] When a portion of the peripheral circuit section 
is formed to have the same structure as that of the mem- 
ory cell section, the distance X between a third wiring 

55 1 8b\ which corresponds to the write word line 27 in the 
memory cell section, and the fourth wiring 19b is ex- 
tremely short. Therefore, a capacitor 61 is formed by the 
third wiring 18b\ the fourth wiring 19b and the insulating 
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film 15 between these third and fourth wirings 18b\ 19b. 
At this time, the TMR element 25b which connects the 
fourth wiring 19b and the fifth wiring 20b is used as a 
contact 60. Here, the fifth wiring 20b is connected to an- 
other circuit (not shown). 

[0062] Note that the resistance of the TMR element 
25b is generally about 1 Kn-u.m 2 , but it is possible to 
lower the resistance to, for example, about 100 ii-jam 2 
or 10 n-jim 2 . Therefore, it is possible to sufficiently uti- 
lize the TMR element 25b as a contact. 
[0063] In accordance with the above-described third 
embodiment, the contact 60 in the peripheral circuit sec- 
tion is formed from the TMR element 25b disposed be- 
tween the wirings. Namely, due to the memory cell sec- 
tion and the peripheral circuit section being formed to 
have similar structures, a wiring structure which is not 
wasteful can be realized as compared with a case where 
the memory cell section and the peripheral circuit sec- 
tion are formed to have different structures. Therefore, 
it is possible to reduce the chip area. 
[0064] Moreover, by making the distance X between 
the fourth wiring 19a and the write word line 27 short 
and by forming the memory cell section and the periph- 
eral circuit section to have similar structures, the capac- 
itor 61 can be formed in the peripheral circuit section. 
[0065] Note that, in the third embodiment, a structure 
in which the capacitor 61 is connected to another circuit 
(not shown) via the contact 60 and the fifth wiring 20b 
is shown. However, the third embodiment of the present 
invention is not limited to this structure. For example, 
the diffusion layer 13a, the first to third wirings 16a, 17a 
and 18a, and the first to fourth contacts 21a, 22a, 23a 
and 24a in the memory cell section are similarly formed 
in the peripheral circuit section as well, and the fourth 
contact 24a is connected to the fourth wiring 19b. The 
capacitor 61 may be thereby connected to the diffusion 
layer 13a. Note that, in this case, the capacitor 61 is 
formed so as to not be connected to the contact 60 and 
the fifth wiring 20b. 

[Fourth Embodiment] 

[0066] A fourth embodiment is an embodiment in 
which the structure of the memory cell section in the first 
to third embodiments described above is modified, and 
in which a diode is used as a switching element for read- 
ing data. 

[0067] FIG. 1 2 to FIG. 14 show cross-sectional views 
of a semiconductor memory device according to the 
fourth embodiment of the present invention. In the fourth 
embodiment, structures which are similar to those of the 
first to third embodiments will be described simplistical- 

iy- 

[0068] In the memory cell section, a diode 70 com- 
prising a P-type diffusion layer 71 and an N-type diffu- 
sion layer 72 is connected in series to the TMR element 
25a used as the memory element 31. Further, the diode 
70 functions as a switching element for reading. 



[0069] Here, when the diode 70 is used as a switching 
element, data is written to the TMR element 25a in the 
same way as in the first embodiment. Further, reading 
of data written in the TMR element 25a is realized by 
5 adjusting the bias voltage such that electric current flows 
to the diode 70 connected-to the TMR element 25a, and 
by reading the value of resistance of the TMR element 
25a. 

[0070] The structure of the peripheral circuit section 

10 is similar to those of the first to third embodiments. 
Namely, as shown in FIG. 12, the TMR element 25b 
which connects the fourth wiring 19b and the fifth wiring 
20b is used as the resistive element 30. Further, as 
shown in FIG. 13, the TMR element 25b which connects 

15 the fourth wiring 19b and the fifth wiring 20b is used as 
the fuse element 50. Further, as shown in FIG. 14, the 
capacitor 61 is formed by the third wiring 18b*, the fourth 
wiring 19b, and the insulating film 15 between these 
third and fourth wirings 18b\ 19b. At this time, the TMR 

20 element 25b which connects the fourth wiring 19b and 
the fifth wiring 20b is used as the contact 60. 
[0071] In accordance with the above-described fourth 
embodiment, effects which are similar to those of the 
first to third embodiments can be obtained. 

25 [0072] Moreover, in the fourth embodiment, because 
the diode 70 is used as a switching element for reading, 
the area used exclusively for the memory cell section 
can be reduced more than in the first to third embodi- 
ments. 

30 

[Fifth Embodiment] 

[0073] A fifth embodiment is an embodiment in which 
the structure of the memory cell section in the first to 
35 third embodiments described above is modified, and is 
a structure in which a switching element for reading is 
not used, and the TMR element is disposed at the inter- 
section of the bit line and the word line. 
[0074] FIG. 15 to FIG. 17 show cross-sectional views 
40 of a semiconductor memory device according to the fifth 
embodiment of the present invention. In the fifth embod- 
iment, structures which are similar to those of the first 
to third embodiments will be described simplistically. 
[0075] In the memory cell section, the TMR element 
45 25a used as the memory element 31 is disposed at the 
intersection of the bit line 26 and the word line 27\ and 
the TMR element 25a is connected to the bit line 26 and 
the word line 27* respectively. Here, the bit line 26 and 
the word line 2T are used at the time of reading and the 
so time of writing. Further, in the fifth embodiment, a switch- 
ing element for reading such as that of the first embod- 
iment or the like is not formed. 

[0076] When such a switching element is not used, 
data is written to the TMR element 25a in the same way 
55 as in the first embodiment. Further, reading of data writ- 
ten in the TMR element 25a is realized by selecting the 
bit line 26 and the word line 27' which are connected to 
the TMR element 25a, and making electric current flow 
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to only the TMR element 25a, and reading the value of 
resistance of the TMR element 25a. 
[0077] The structure of the peripheral circuit section 
is similar to those of the first to third embodiments. 
Namely, as shown in FIG. 15, the TMR element 25b 
which connects the fourth wiring 19b and the fifth wiring 
20b is used as the resistive element 30. Further, as 
shown in FIG. 1 6, the TMR element 25b which connects 
the fourth wiring 19b and the fifth wiring 20b is used as 
the fuse element 50. Further, as shown in FIG. 17, the 
capacitor 6 1 is formed by the wiring 1 8b\ the wiring 20b, 
and the insulating film 15 between these wirings 18b', 
20b. 

[0078] In accordance with the above-described fifth 
embodiment, effects which are similar to those of the 
first to third embodiments can be obtained. 
[0079] Moreover, in the above-described fifth embod- 
iment, because a switching element for reading is not 
formed, the area used exclusively for the memory cell 
section can be reduced more than in the first to third 
embodiments. 

[Sixth Embodiment] 

[0080] A sixth embodiment is an embodiment in which 
the structure of the memory cell section in the above- 
described first to third embodiments is modified, and is 
a so-called ladder type structure in which both ends of 
a plurality of TMR elements are connected to wirings. 
[0081] FIG. 18 to FIG. 20 show cross-sectional views 
of a semiconductor memory device according to the 
sixth embodiment of the present invention. In the sixth 
embodiment, structures which are similar to those of the 
first to third embodiments will be described briefly. 
[0082] In the memory cell section, a plurality of TMR 
elements 25a used as the memory elements 31 are dis- 
posed in parallel in the same hierarchy. Further, the 
magnetization fixing layers 41 of the respective TMR el- 
ements 25a are connected at a lower electrode 19a, and 
the magnetic recording layers 43 of the respective TMR 
elements 25a are connected at the bit line 26. Further, 
the write word lines 27 are respectively disposed below 
the TMR elements 25a so as to be apart from the lower 
electrode 19a. Further, for example, a transistor for writ- 
ing (not shown) is connected to the bit line 26, and, for 
example, a transistor for reading (not shown) is connect- 
ed to the lower electrode 19a. 

[0083] In this ladder type structure, data is written in 
a similar way as that of the first embodiment to an arbi- 
trary TMR element 25a among the plurality of TMR el- 
ements 25a connected in parallel. Further, the data writ- 
ten in an arbitrary TMR element 25a is read by a method 
such as the following. 

[0084] First, in a first cycle, the transistor for reading 
connected to the lower electrode 19a is turned on, and 
a first reading electric current is made to flow to the plu- 
rality of TMR elements 25a connected in parallel. Then, 
the first reading electric current is stored in a sense cir- 



cuit (not shown). Thereafter, the transistor for reading is 
turned off, and the reading electric current is turned off. 
[0085] Next, in a second cycle, writing electric current, 
by which the data of the expected value "1 " or "0" is writ- 
5 ten, is made to flow to the word line 27 and the bit line 
26, and writing of data to an arbitrary TMR element 25a 
is carried out again. Thereafter, the writing electric cur- 
rent is turned off. 

[0086] Next, in a third cycle, the transistor for reading 

to is turned on, and a second reading electric current is 
made to flow to the plurality of TMR elements 25 con- 
nected in parallel. Then, the second reading electric cur- 
rent is stored in the sense circuit. Thereafter, the first 
reading electric current which is stored in the sense cir- 

15 cuit in the first cycle and the second reading electric cur- 
rent which is stored in the sense circuit in the third cycle 
are compared. Here, when the operation of writing data 
of the expected value "1" is earned out at the time of 
writing, if the first and second reading electric currents 

20 have not changed, the data of "1" is written in an arbi- 
trary TMR element 25a, and if the first and second read- 
ing electric currents have changed, the data of "0" is writ- 
ten in an arbitrary TMR element 25a. On the other hand, 
when the operation of writing data of the expected value 

25 "0" is carried out at the time of writing, if the first and 
second reading electric currents have not changed, the 
data of "0" is written in an arbitrary TMR element 25a, 
and if the first and second read electric currents have 
changed, the data of "1" is written in an arbitrary TMR 

30 element 25a. In this way, it is possible to read the data 
written in an arbitrary TMR element 25a. 
[0087] Thereafter, in a fourth cycle, electric current is 
made to flow to the word line 27 and the bit line 26 in 
order to again write data, which is the same as in an 

35 initial (beginning) state, to an arbitrary TMR element 
25a, and the operation of reading is completed. 
[0088] The structure of the peripheral circuit section 
is similar to those of the first to third embodiments. 
Namely, as shown in FIG. 18, the TMR element 25b 

40 which connects the fourth wiring 1 9b and the fifth wiring 
20b is used as the resistive element 30. Further, as 
shown in FIG. 19, the TMR element 25b which connects 
the fourth wiring 19b and the fifth wiring 20b is used as 
the fuse element 50. Further, as shown in FIG. 20, the 

45 capacitor 61 is formed by the third wiring 18b 1 , the fourth 
wiring 19b, and the insulating film 15 between these wir- 
ings 18b', 1 9b. At this time, the TMR element 25b which 
connects the fourth wiring 19b and the fifth wiring 20b 
is used as the contact 60. 

so [0089] In accordance with the above-described sixth 
embodiment, effects which are similar to those of the 
first to third embodiments can be obtained. 
[0090] Moreover, in the sixth embodiment, because a 
switching element for reading is not formed for each 

55 TMR element 25a, the area used exclusively by the 
memory cell section can be reduced more than in the 
first to fourth embodiments. 

[0091] Further, the parallel number of the TMR ele- 
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ments 25a can be increased without the output voltage 
decreasing to a large extent. Therefore, the degree of 
integration of the memory cell can be increased. Even 
if TMR elements 25a whose MR ratios are that much 
lower are used, or even if the TMR elements 25a whose 
dispersion of the MR ratios or values of resistance are 
that much larger are used, a memory cell of a sufficient 
level in practice can be formed. Accordingly, an MRAM 
in which the memory cells are disposed at a high density 
can be realized. 

[0092] Further, in accordance with the reading oper- 
ation in the sixth embodiment, the first reading electric 
current which is stored in the sense circuit in the first 
cycle and the second reading electric current which is 
stored in the sense circuit in the third cycle are com- 
pared with each other. As a result, when there is no 
change in the values of the two electric currents, it is 
determined that writing of the expected value is to be 
carried out. When there is a change in the values of the 
two electric currents, it is determined that writing differ- 
ent from the expected value is to be carried out. In this 
way, in accordance with the sixth embodiment, the mar- 
gin for determining the data of "1 "0" can be sufficiently 
ensured. 

[Seventh Embodiment] 

[0093] A seventh embodiment is an embodiment in 
which the structure in the memory cell section in the 
above-described first to third embodiments is modified, 
and is a first layered structure in which the TMR ele- 
ments are stacked up in the direction of layering. Fur- 
ther, in the first layered structure, the plurality of TMR 
elements which are layered are connected in series, and 
the TMR elements connected in series use a read bit 
line and a switching element for reading in common. 
[0094] FIG. 2 1 to FIG. 23 show cross-sectional views 
of a semiconductor memory device according to the 
seventh embodiment of the present invention. In the 
seventh embodiment, structures which are similar to 
those of the first to third embodiments will be described 
simplistically. 

[0095] In the memory cell section, first to fourth TMR 
elements 25a-n (n = 1, 2, 3, 4) are stacked up in the 
direction of layering on the semiconductor substrate 11 , 
and the first to fourth TMR elements 25a-n are connect- 
ed in series. Note that, in the seventh embodiment, an 
example is given of a case where the four TMR elements 
25a-n are stacked up. However, the number of the TMR 
elements 25a-n is not limited, and may be any number. 
Hereinafter, an example will be given of a case where 
the four TMR elements 25a-n are stacked up, and the 
concrete structure will be described. 
[0096] The first to fourth TMR elements 25a-n are dis- 
posed at the intersection of write bit lines 26-n and a 
write word line 27-n. Lower portion wirings 18a-n are 
connected to one end portions of the first to fourth TMR 
elements 25a-n, and upper portion wirings 19a-n are 



connected to the other end portions of the first to fourth 
TMR elements 25a-n. 

[0097] Further, an upper portion wiring 19a-1 of a first 
TMR element 25a- 1 and a lower portion wiring 18a-2 of 

5 a second TMR element 25a-2 are connected via con- 
tacts 81 a-1 , 23a-2, and a wiring 17a-2. An upper portion 
wiring 19a-2 of the second TMR element 25a-2 and a 
lower portion wiring 18a-3 of a third TMR element 25a- 
3 are connected via contacts 81a-2, 23a-3, and a wiring 

10 17a-3. An upper portion wiring 19a-3 of the third TMR 
element 25a-3 and a lower portion wiring 18a-4 of a 
fourth TMR element 25a-4 are connected via contacts 
81a-3, 23a-4, and a wiring 17a-4. 
[0098] Further, the MOSFET 14 which is the switching 
15 element for reading is connected to a lower portion wir- 
ing 18a-1 of the first TMR element 25a-1 via contacts 
23a-1, 22a, 21a and wirings 17a-1, 16a. A read bit line 
82a is connected to an upper portion wiring 1 9a-4 of the 
fourth TMR element 25a-4 via a contact 81a-4. Accord- 
20 ingly, the first to fourth TMR elements 25a-n connected 
in series use the switching element for reading and a 
read word line 82a in common. 

[0099] In the case of such a layered structure, writing 
and reading of data to an arbitrary TMR element among 

25 the first to fourth TMR elements 25a-n which are con- 
nected in series are carried out by a similar method as 
that in the above-described sixth embodiment. 
[0100] The structure of the peripheral circuit section 
is similar to those of the first to third embodiments. 

30 Namely, as shown in FIG. 21 , a first TMR element 25b- 
1 which connects a third wiring 1 8b-1 and a fourth wiring 
19b-1, a second TMR element 25b-2 which connects a 
seventh wiring 18b-2 and an eighth wiring 19b-2, a third 
, TMR element 25b-3 which connects an eleventh wiring 

35 18D-3 and a twelfth wiring 19b-3, and a fourth TMR el- 
ement 25b-4 which connects a fifteenth wiring 18b-4 
and a sixteenth wiring 19b-4 are used as the resistive 
elements 30. Further, as shown in FIG. 22, the TMR el- 
ement 25b which connects the fifteenth wiring 18b-4 and 

40 the sixteenth wiring 19b-4 is used as the fuse element 
50. Further, as shown in FIG. 23, the capacitor 61 is 
formed by a fourteenth wiring 17b'-4, the fifteenth wiring 
18b-4, and the insulating film 15 between these four- 
teenth and fifteenth wirings 17b*-4, 18b-4. At this time, 

45 the TMR element 25b which connects the fifteenth wir- 
ing 18b-4 and the sixteenth wiring 19b-4 is used as the 
contact 60. 

[0101] In accordance with the above-described sev- 
enth embodiment, effects similar to those of the first to 

50 third embodiments can be obtained. 

[01 02] Moreover, in the seventh embodiment, since a 
switching element for reading is not formed for each 
TMR element, the area used exclusively for the memory 
cell section can be reduced more than in the first to 

55 fourth embodiments. 

[0103] Note that, the switching element for reading 
data is not limited to the MOSFET 14, and for example, 
a diode can be used. 
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[Eighth Embodiment] 

[0104] An eighth embodiment is an embodiment in 
which the structure in the memory cell section in the 
above-described first to third embodiments is modified, 
and is a second layered structure in which the TMR el- 
ements are stacked up in the direction of layering. Fur- 
ther, in the second layered structure, the plurality of TMR 
elements which are layered are connected in parallel, 
and the TMR elements connected in parallel use a read 
bit line and a switching element for reading in common. 
[0105] FIG. 24 to FIG. 26 show cross-sectional views 
of a semiconductor memory device according to the 
eighth embodiment of the present invention. In the 
eighth embodiment, structures which are similar to 
those of the first to third embodiments will be described 
briefly. 

[0106] In the memory cell section, the first to fourth 
TMR elements 25a-n are stacked up in the direction of 
layering on the semiconductor substrate 11 , and the first 
to fourth TMR elements 25a-n are connected in series. 
Note that, in the eighth embodiment, an example is giv- 
en of a case where the four TMR elements 25a-n are 
stacked up. However, the number of the TMR elements 
25a-n is not limited, and may be any number. Hereinaf- 
ter, an example will be given of a case where the four 
TMR elements 25a-n are stacked up, and a concrete 
structure will be described. 

[01 07] The first to fourth TMR elements 25a-n are dis- 
posed at the intersections of the write bit lines 26-n and 
the write word lines 27-n, respectively. The lower portion 
wirings 18a-n are connected to one end portions of the 
first to fourth TMR elements 25a-n, and the upper por- 
tion wirings 19a-n are connected to the other end por- 
tions of the first to fourth TMR elements 25a-n. 
[0108] Further, the lower portion wiring 18a-1 of the 
first TMR element 25a-1 is connected to the lower por- 
tion wiring 18a-2 of the second TMR element 25a-2 via 
the contacts 81a-1. 23a-2, and the wiring 17a-2. The 
lower portion wiring 18a-2 of the second TMR element 
25a-2 is connected to the lower portion wiring 18a-3 of 
the third TMR element 25a-3 via the contacts 81a-2, 
23a-3, and the wiring 17a-3. The lower portion wiring 
18a-3 of the third TMR element 25a-3 is connected to 
the lower portion wiring 18a-4 of the fourth TMR element 
25a-4 via the contacts 81a-3, 23a-4, and the wiring 17a- 
4. 

[0109] On the other hand, the upper portion wiring 
19a-1 of the first TMR element 25a-1 is connected to 
the upper portion wiring 19a-1 of the second TMR ele- 
ment 25a-2 via a contact 83a-1 . The upper portion wiring 
19a-2 of the second TMR element 25a-2 is connected 
to the upper portion wiring 19a-3 of the third TMR ele- 
ment 25a-3 via a contact 83a-2. The upper portion wiring 
19a-3 of the third TMR element 25a-3 is connected to 
the upper portion wiring 1 9a-4 of the fourth TMR ele- 
ment 25a-4 via a contact 83a-3. 

[0110] Further, the MOSFET 14 which is a switching 



element for reading is connected to the lower portion 
wiring 18a-1 of the first TMR element 25a-1 via the con- 
tacts 23a-1, 22a, 21a, and the wirings 17a-1, 16a. The 
read bit line 82a is connected to the upper portion wiring 
5 19a-4 of the fourth TMR element 25a-4 via the contact 
81a-4. Accordingly, the first to fourth TMR elements 
25a-n which are connected in parallel use the switching 
element for reading and the read word line 82a in com- 
mon. 

10 [01 1 1] In the case of such a layered structure, writing 
and reading of data to an arbitrary TMR element among 
the first to fourth TMR elements 25a-n which are con- 
nected in parallel are carried out by a similar method as 
in the above-described sixth embodiment. 

15 [0112] The structure of the peripheral circuit section 
is similar to those of the first to third embodiments. 
Namely, as shown in FIG. 21 , the first TMR element 25b- 
1 which connects the third wiring 18b-1 and the fourth 
wiring 19b-1, the second TMR element 25b-2 which 

20 connects the seventh wiring 1 8b-2 and the eighth wiring 
19b-2, the third TMR element 25b-3 which connects the 
eleventh wiring 18b-3 and the twelfth wiring 19b-3, and 
the fourth TMR element 25b-4 which connects the fif- 
teenth wjring 18b-4 and the sixteenth wiring 19b-4 are 

25 used as the resistive elements 30. Further, as shown in 
FIG. 22, the TMR element 25b which connects the fif- 
teenth wiring 18b-4 and the sixteenth wiring 19b-4 is 
used as the fuse element 50. Further, as shown in FIG. 
... 23, the capacitor 61 is formed by the fourteenth wiring 

30 1 7b , -4, the fifteenth wiring 1 8b-4, and the insulating film 
1 5 between these fourteenth and fifteenth wirings 17b- 
4, 18b-4. At this time, the TMR element 25b which con- 
nects the fifteenth wiring 18b-4 and the sixteenth wiring 
19b-4 is used as the contact 60. 

35 [0113] In accordance with the above-described eighth 
embodiment, effects which are similar to those of the 
first to third embodiments can be obtained. 
[0114] Moreover, in the eighth embodiment, since a 
switching element for reading is not formed for each 

40 TMR element, the area used exclusively for the memory 
cell section can be reduced more than in the first to 
fourth embodiments. 

[0115] Note that, the switching element for reading 
data is not limited to the MOSFET 14, and for example, 
45 a diode can be used. 

[Ninth Embodiment] 

[0116] A ninth embodiment is an embodiment in 
so which the structure in the memory cell section in the 
above-described first to third embodiments is modified, 
and is a third layered structure in which the TMR ele- 
ments are stacked up in the direction of layering. Fur- 
ther, in the third layered structure, the lower electrodes 
55 of the plurality of TMR elements which are layered are 
connected in series, and the layered plurality of TMR 
elements use a switching element for reading in com- 
mon. 
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[0117] FIG. 27 to FIG. 29 show cross-sectional views 
of a semiconductor memory device according to the 
ninth embodiment of the present invention. In the ninth 
embodiment, structures which are similar to those of the 
first to third embodiments will be described simplistical- 5 

iy. 

[0118] In the memory cell section, the first to fourth 
TMR elements 25a-n are stacked up in the direction of 
layering on the semiconductor substrate 11. Note that, 
in the ninth embodiment, an example is given of a case 10 
where the four TMR elements 25a-n are stacked up. 
However, the number of the TMR elements 25a-n is not 
limited, and may be any number. Hereinafter, an exam- 
ple will be given of a case where the four TMR elements 
25a-n are stacked up, and the concrete structure will be 15 
described. 

[01 1 9] The first to fourth TMR elements 25a-n are dis- 
posed at the intersections of the bit lines 26-n and the 
write word lines 27-n, respectively. The lower portion 
wirings 18a-n are connected to one end portions of the 20 
first to fourth TMR elements 25a-n. Further, the lower 
portion wirings 1 8a-n of the first to fourth TMR elements 
25a-n are connected to the MOSFET 14, which is a 
switching element for reading, via the contacts 22a-n, 
21a, 81a-n, and the wirings 17a-n. Accordingly, the first 25 
to fourth TMR elements 25a-n which are stacked up use 
the switching element for reading in common. 
[0120] In the case of such a layered structure, writing 
and reading of data to an arbitrary TMR element among 
the first to fourth TMR elements 25a-n are carried out 30 
by a similar method as in the above-described first em- 
bodiment. Note that, at the time of reading data, the 
MOSFET 14 which is the switching element is common- 
ly used by the first to fourth TMR elements 25a-n which 
are layered. 35 
[0121] The structure of the peripheral circuit section 
is similar to those of the first to third embodiments. 
Namely, as shown in FIG. 27, the TMR element 25b 
which connects the twelfth wiring 18b and a thirteenth 
wiring 20b-4 is used as the resistive element 30. Further, 40 
as shown in FIG. 28, the TMR element 25b which con- 
nects the twelfth wiring 18b and the thirteenth wiring 
20b-4 is used as the fuse element 50. Further, as shown 
in FIG. 29, the capacitor 61 is formed by an eleventh 
wiring 17^-4, the twelfth wiring 18b, and the insulating 45 
film 15 between these eleventh and twelfth wirings 17b- 
4, 18b. At this time, the TMR element 25b which con- 
nects the twelfth wiring 18b and the thirteenth wiring 
20b-4 is used as the contact 60. 

[0122] In accordance with the above-described ninth 50 
embodiment, effects which are similar to those of the 
first to third embodiments can be obtained. 
[0123] Moreover, in the ninth embodiment, since a 
switching element for reading is not formed for each 
TMR element, the area used exclusively for the memory 55 
cell section can be reduced more than in the first to 
fourth embodiments. 

[0124] Note that, in the structures shown in FIG. 27 to 



FIG. 29, the bit line 26-n is extended in the same direc- 
tion as the length of the channel of the MOSFET 14, and 
the write word line 27-n is extended in a direction shifted 
by substantially 90° from the length of the channel of the 
MOSFET 14. However, in the ninth embodiment, the ex- 
tended directions of the bit line 26-n and the write word 
line 27-n may be opposite. Namely, as shown in FIG. 30 
to FIG. 32, the bit line 26-n may be extended in a direc- 
tion shifted by substantially 90° from the length of the 
channel of the MOSFET 14, and the write word line 27-n 
may be extended in the same direction as the length of 
the channel of the MOSFET 14. 
[01 25] Further, the switching element for reading data 
is not limited to the MOSFET 14, and for example, a di- 
ode can be used. 

[0126] For example, a GMR (Giant Magneto Resis- 
tive) element, which is formed from two magnetic layers 
and a conductor layer sandwiched between these mag- 
netic layers, may be used as the memory element 31 
instead of the TMR element. Further, for example, a bi- 
polar transistor or the like may be used instead of the 
MOSFET 14 used as the switching element for reading. 



Claims 

1. A semiconductor memory device comprising a 
memory cell section and a peripheral circuit section 
disposed at a periphery of the memory cell section, 
the memory cell section comprising: 

a first wiring (27) which is extended in a first 
direction; 

a second wiring (26) which is disposed above 
the first wiring (27) and is extended in a second 
direction different from the first direction; 
a third wiring (19a) which is disposed between 
the first and second wirings (27, 26); and 
a first magneto resistive effect element (25a) 
which is disposed at an intersection of the first 
and second wirings (27, 26) between the first 
and second wirings (27, 26), and is connected 
to the second and third wirings (26, 19a), and 
the peripheral circuit section comprising: 

a fourth wiring (19b); 

a fifth wiring (20b) which is disposed above 
the fourth wiring (19b); and 
a second magneto resistive effect element 
(25b) which is disposed between the fourth 
and fifth wirings (19b, 20b) and is connect- 
ed to the fourth and fifth wirings (19b, 20b) 
to be used as any of a resistive element 
(30), a fuse element (50), and a contact 
(60). 

2. A semiconductor memory device comprising a 
memory cell section and a peripheral circuit section 
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disposed at a periphery of the memory cell section, 
the memory cell section comprising: 

a first wiring (27') which is extended in a first 
. direction; 5 
a second wiring (26) which is disposed above 
the first wiring (27 ? ) and is extended in a second 
direction different from the first direction; and 
a first magneto resistive effect element (25a) 
which is disposed at an intersection of the first 10 
and second wirings (27\ 26) between the first 
and second wirings (27\ 26), and 
the peripheral circuit section comprising: 

a fourth wiring (19b); 15 
a fifth wiring (20b) which is disposed above 
the fourth wiring (19b); and 
a second magneto resistive effect element 
(25b) which is disposed between the fourth 
and fifth wirings (19b, 20b) and is connect- 20 
ed to the fourth and fifth wirings (19b, 20b) 
to be used as a resistive element (30) or a 
fuse element (50). 

3. A semiconductor memory device comprising a 25 
memory cell section and a peripheral circuit section 
disposed at a periphery of the memory cell section, 
the memory cell section comprising: 

a first wiring (27) which is extended in a first 30 
direction; 

a second wiring (26) which is disposed above 
the first wiring (27) and is extended in a second 
direction different from the first direction; 
a third wiring (19a) which is disposed between 35 
the first and second wirings (27, 26); and 
a plurality of first magneto resistive effect ele- 
ments (25a) which are disposed at an intersec- 
tion of the first and second wirings (27, 26) be- 
tween the second and third wirings (26, 19a), *o 
and are connected to each other in parallel by 
being connected to the second and third wirings 
(26, 19a), and 

the peripheral circuit section comprising: 

45 

a fourth wiring (19b); 

a fifth wiring (20b) which is disposed above 
the fourth wiring (19b); and 
a second magneto resistive effect element 
(25b) which is disposed between the fourth so 
and fifth wirings (19b, 20b) and is connect- 
ed to the fourth and fifth wirings (19b, 20b) 
to be used as any of a resistive element 
(30), a fuse element (50), and a contact 
(60). 55 

4. A semiconductor memory device comprising a 
memory cell section and a peripheral circuit section 



disposed at a periphery of the memory cell section, 
the memory cell section comprising blocks stacked 
up on a semiconductor substrate (11), each of the 
block comprising: 

a first wiring (27-n) which is extended in a first 
direction; 

a second wiring (26-n) which is disposed above 
the first wiring (27-n) and is extended in a sec- 
ond direction different from the first direction; 
and 

a first magneto resistive effect element (25a-n) 
which is disposed at an intersection of the first 
and second wirings (27-n, 26-n) between the 
first and second wirings (27-n, 26-n), the first 
magneto resistive effect element (25a-n) com- 
prising a one end portion and a other end po- 
tion, and the first magneto resistive effect ele- 
ments (25a-n) in the blocks being connected to 
each other in series or in parallel; 
a third wiring (18a-n) which is connected to the 
one end portion of the first magneto resistive 
effect element (25a-n) ; 

a sixth wiring (19a-n) which is connected to the 
other end portion of the first magneto resistive 
effect ejement (25a-n), and 
the peripheral circuit section comprising: 

fourth wirings (18b-n); 
fifth wirings (19b-n) which are disposed 
above the fourth wirings (18b-n); and 
second magneto resistive effect elements 
(25b-n) which are disposed between the 
fourth and fifth wirings (18b-n, 19b-n) and 
are connected to the fourth and fifth wirings 
(18b-n, 19b-n) to be used as any of a re- 
sistive element (30), a fuse element (50), 
and a contact (60). 

5. A semiconductor memory device comprising a 
memory cell section and a peripheral circuit section 
disposed at a periphery of the memory cell section, 
the memory cell section comprising blocks stacked 
up on a semiconductor substrate (11), each of the 
block comprising: 

a first wiring (27-n) which is extended in a first 
direction; 

a second wiring (26-n) which is disposed above 
the first wiring (27-n) and is extended in a sec- 
ond direction different from the first direction; 
a third wiring (18a-n) which is disposed be- 
tween the first and second wirings (27-n, 26-n), 
the third wirings (18a-n) in the blocks are con- 
nected to each other; and 
a first magneto resistive effect element (25a-n) 
which is disposed at an intersection of the first 
and second wirings (27-n, 26-n) between the 
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second and third wirings (26-n, 18a-n) and 
which is connected to the second and third wir- 
ings (26-n, 18a-n), and 
the peripheral circuit section comprising: 

a fourth wiring (18b); 

a fifth wiring (20b-4) which is disposed 
above the fourth wiring (18b); and 
a second magneto resistive effect element 
(25b) which is disposed between the fourth 
and fifth wirings (18b, 20b-4) and is con- 
nected to the fourth and fifth wirings (18b, 
20b-4) to be used as any of a resistive el- 
ement (30), a fuse element (50), and a con- 
tact (60). 

6. A semiconductor memory device according to claim 
1, characterized by further comprising: 

a transistor (14) or a diode (70) which is con- 
nected to the first magneto resistive effect ele- 
ment (25a). 

7. A semiconductor memory device according to claim 

4, characterized by further comprising: 

a transistor (14) or a diode (70) which is con- 
nected to one end portions of the first magneto 
resistive effect elements (25a-n) which are con- 
nected to each other in series or in parallel; and 
a seventh wiring (82a) which is connected to 
other end portions of the first magneto resistive 
effect elements (25a-n) which are connected to 
each other in series or in parallel. 

8. A semiconductor memory device according to claim 

5, characterized by further comprising: 

a transistor (14) or a diode (70) which is con- 
nected to the third wirings (1 9a-n) connected to 
each other. 

9. A semiconductor memory device according to claim 
1 , characterized in that when the second magneto 
resistive effect element (25b) is used as the resis- 
tive element (30), a plurality of the second magneto 
resistive effect elements (25b) are disposed in the 
second direction, and a value of resistance of the 
resistive element (30) is varied by connecting the 
plurality of second magneto resistive effect ele- 
ments (25b) in series or in parallel. 

1 0. A semiconductor memory device according to claim 
1 , characterized in that when the second magneto 
resistive effect element (25b) is used as the resis- 
tive element (30), a value of resistance of the resis- 
tive element (30) is varied by changing a film thick- 
ness of a non-magnetic layer (42) which forms one 



portion of the second magneto resistive effect ele- 
ment (25b). 

1 1 . A semiconductor memory device according to claim 
5 1, characterized in that when the second magneto 

resistive effect element (25b) is used as the resis- 
tive element (30), a value of resistance of the resis- 
tive element (30) is varied by making directions of 
magnetization of first and second magnetic layers 
10 (41 , 43), which form one portion of the second mag- 
neto resistive effect element (25b), be parallel or an- 
ti-parallel. 

1 2. A semiconductor memory device according to claim 
15 1 , characterized in that when the second magneto 

resistive effect element (25b) is used as the contact 
(60), the semiconductor memory device further 
comprises: 

20 a eighth wiring (18b 1 ) which is disposed to be 

apart from the fourth wiring (19b); and 
an insulating film (15) which is formed between 
the eighth wiring (18b') and the fourth wiring 
(19b), and 

25 a capacitor (61) is formed from the insulating 

film (15), the fourth wiring (19b), and the eighth 
wiring (18b 1 ). 

1 3. A semiconductor memory device according to claim 
30 1 , characterized in that the first magneto resistive 

effect element (25a) and the second magneto resis- 
tive effect element (25b) are formed in the same lev- 
el. 

35 14. A semiconductor memory device according to claim 
1 , characterized in that the second wiring (26) and 
the fifth wiring (20b) are formed in the same level, 
and the third wiring (1 9a) and the fourth wiring (19b) 
are formed in the same level. 

40 

1 5. A semiconductor memory device according to claim 
1, characterized in that the first and second mag- 
neto resistive effect elements (25a, 25b) are TMR 
elements or GMR elements. 

45 

1 6. A semiconductor memory device according to claim 
1, characterized in that the first and second mag- 
neto resistive effect elements (25a, 25b) are TMR 
elements, the TMR elements are a single junction 

50 structure including one non-magnetic layer or a 
double junction structure including two non-mag- 
netic layers. 

1 7. A semiconductor memory device according to claim 
55 3, characterized in that, by making electric current 

flow to the first wiring (27) and one of the second 
and the third wirings (26, 1 9a), a first or second state 
is written in an arbitrary first magneto resistance ef- 
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feet element (25a) among the plurality of first mag- 
neto resistance effect elements (25a). 

1 8. A semiconductor memory device according to claim 
17, characterized in that 5 

first electric current is made to flow to the plu- 
rality of first magneto resistance effect elements 
(25a), and a first electric current value of the first 
electric current is stored, 

the first or the second state is again written in 10 
the arbitrary first magneto resistance effect element 
(25a), and thereafter, second electric current is 
made to flow to the plurality of first magneto resist- 
ance effect elements (25a), and a second electric 
current value of the second electric current is 15 
stored, and 

by comparing the first electric current value 
and the second electric current value, the first or the 
second state written in the arbitrary first magneto 
resistance effect element (25a) is distinguished. 20 

1 9. A semiconductor memory device according to claim 
4, characterized in that, by making electric current 
flow to the first wiring (27-n) and the second wiring 
(26-n), a first or second state is written in an arbi- 25 
trary first magneto resistance effect element (25a- 

n) among the first magneto resistance effect ele- 
ments (25a-n) connected to each other in series or 
in parallel. 

30 

20. A semiconductor memory device according to claim 
19, characterized in that 

first electric current is made to flow to the first 
magneto resistance effect elements (25a-n) con- 
nected to each other in series or in parallel, and a 35 
first electric current value of the first electric current 
is stored, 

the first or the second state is again written in 
the arbitrary first magneto resistance effect element 
(25a-n), and thereafter, second electric current is 40 
made to flow to the first magneto resistance effect 
elements (25a-n) connected to each other in series 
or in parallel, and a second electric current value of 
the second electric current is stored, and 

by comparing the first electric current value 45 
and the second electric current value, the first or the 
second state written in the arbitrary first magneto 
resistance effect element (25a-n) is distinguished. 

50 
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